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ABSTRACT
The aim: To determine the effect of smoking on indicators of nutritional status in patients with chronic obstructive pulmonary disease (COPD).
Materials and methods: A study included 91 patients with COPD. Patients were divided into two groups depending on the status of smoking: smokers and non-smokers.
Everyone underwent an assessment of the severity of COPD, a study of nutritional status, a laboratory study of kidney function and blood lipid profile.
Results: It was found that in smokers with COPD, the disease proceeds with more pronounced shortness of breath. There is also a development of sarcopenic obesity in those patients
who smoke. In turn, it was found that bronchial obstruction increases with a decrease in muscle tissue content. Renal filtration function is reduced in smokers and non-smokers.
Conclusions: 1. Patients suffering from COPD have a violation of nutritional status. Smoking patients develop sarcopenic obesity, which progresses with
an increase in the degree of nicotine addiction, correlates with the “pack / year” index and is a predictor of increased mortality in this category of patients.
2. Increased bronchial obstruction in smokers with COPD is observed with an increase in smoking history, the number of cigarettes smoked and with a decrease in body weight.
3. Reducing the pool of muscle tissue can be considered as an early predictor of more frequent exacerbations in smoking patients with COPD.
4. The systemic effects of COPD include impaired renal function, more pronounced in smokers with COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an
urgent problem of modern pulmonology [1,2,3]. A feature
of the disease is not only local damage to the respiratory
tract, but also the development of systemic manifestations
[4,5,3]. The main etiological factors for the development
of COPD include tobacco smoking, air pollution in the
industrial region, dust in the workplace and other factors.
Data from large-scale population-based studies in recent
years have shown that patients with COPD who do not
smoke have a minimum total death rate with standardization by age with a body mass index (BMI) of 22.5–24.9
and 20–25 kg / m2 [6]. Patients with more severe bronchial
obstruction and BMI <25 kg / m2 have a higher risk of
death compared with patients with COPD who are overweight and even obese [7]. It can be assumed that with an
increase in BMI in patients with COPD, a more favorable
outcome occurs. This phenomenon is also called the obesity
paradox in COPD and it can be associated with the influence of adipose tissue on the respiratory mechanism (for
example, the relative decrease in static pulmonary volumes
in patients with COPD and obesity) [8,9]. A relationship
was also established between a decrease in muscle tissue
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content in patients with COPD and an increase in the severity of the condition of these patients [10]. It is known
that adipose tissue can be redistributed from subcutaneous fat to visceral, which is characterized by an increase
in cardiovascular risk in patients with moderate COPD
[11]. However, perhaps there are other mechanisms of the
disease that are interrelated with the risk of mortality and
the content of adipose tissue [12].

THE AIM

To determine the effect of smoking on indicators of nutritional status in patients with COPD, to identify the
relationship between muscle and adipose tissue levels, nicotine dependence, smoking duration, “pack / year” index,
severity of the disease, and the development of systemic
effects in patients with COPD.

MATERIALS AND METHODS

A prospective study included 91 stable outpatients with
COPD of clinical groups B and C according to the GOLD.
The diagnosis of COPD was established according to the
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Table I. Clinical characteristics of control groups.
Characteristics

Group I
(non-smokers)

Group II
(smokers)

р

Age, y M (SD)

55,8 (6,7)

58,3 (8,1)

0,1

Dyspnea severity mMRS, M (SD)

2(1;3)

3(2;4)

0,047

Exacerbation rate (SD)

1(1;2)

1(1,3)

0,6

Table II. Spirometry indices in the examined patients.
Characteristics

Group I
(non-smokers)

Group II
(smokers)

р

FVC, % Me [25 %-75 %]

85,0 ( 77,0-92,0)

87,5(70,0-96,0)

0,8

FEV1, % Me [25 %-75 %]

51,0 ( 44,0 -62,0)

45,0 ( 34,0 -59,0)

0,04

FEV1%M Me [25 %-75 %]

54,5 (37,0-65,0)

48,0( 54,0- 62,0)

0,3

МEF 75, % Me [25 %-75 %]

53,0 (41,6-68,6)

43,0 (31,3-56,4)

0,6

МEF 50, % Me [25 %-75 %]

19,5 (25,5-51,5)

40,0 (18,7-55,2)

0,2

МEF 25, % Me [25 %-75 %]

22,0 (23,8-48,0)

31,0 (15,4-34,7)

0,6

PEF, % Me [25 %-75 %]

54,5 (37,0-65,0)

50,5 (30,7,0-65,0)

0,5

IC_F, % Me [25 %-75 %]

57,5 (47,2-69,6)

52,5 (17,7-65,0)

0,8

recommendations of GOLD 2018 (2). Patients were treated
during 2018-2019 years.
Criteria for inclusion in the study: verified diagnosis
of COPD in clinical groups B and C, stable phase. The
exclusion criteria from the study were: patients over 80
years old, history of acute cardiovascular events, clinically
significant heart rhythm disturbances, previously diagnosed diabetes mellitus, kidney diseases, cancer, surgical
operations during the last year.
The patients underwent a general clinical examination,
including the assessment of complaints, medical history,
determination of anthropometric indicators (height,
weight, BMI, waist circumference), physical examination.
The severity of COPD was determined on the basis of
the frequency of exacerbations during the year, assessing
dyspnea using the mMRS scale (The Modified Medical Research Counsil Dyspnea Scale), spirographic data (forced
expiratory volume in 1 second (FEV1), and forced lung capacity (FVC), ratio - FEV1% M). Additionally, the status of
smoking and nicotine addiction (Fagerstrom Test for Nicotine Dependence - FTND) was evaluated. The percentages
of total fat, muscle mass and visceral fat were determined
on the basis of bioimpedancemetry data (Omron analyzer).
Data were compared with reference values (13). The state
of lipid metabolism was studied by the enzymatic method
on a Humalayzer biochemical analyzer. The levels of total
cholesterol (H), low density lipoprotein cholesterol (LDL
cholesterol), high density lipoprotein cholesterol (HDL
cholesterol) and triglycerides (TG) were determined. We
also performed a quantitative analysis of C-reactive protein
(CRP), investigated serum creatinine level, urine creatinine
level, and glomerular filtration rate (GFR) was calculated
using the CKD-EPI formula (Chronic Kidney Desease
Epidemiology Collaboration), currently recommended for
application as the most suitable in outpatient and clinical

practice screening method for assessing glomerular filtration rate. The CKD-EPI method is considered universal
and accurate at any stage of CKD [14]. All results obtained
were compared with reference values.
The data obtained were processed using the program
Statistica 10.0. with the determination of mean values ( M),
standard deviation (SD) in the case of a normal distribution
of values, and the median (Me), upper and lower quartiles
([25%; 75%]) in the case of a non-normal distribution.
Parametric methods were used using Student’s t-test in the
case of a normal distribution of values. For a distribution
other than normal, the nonparametric Mann-Whitney
test was used. The probability of an error-free forecast of
qualitative signs was carried out using the Xi-square test
(x2). When analyzing the data, the differences between the
groups were considered significant at p <0.05.

RESULTS

According to inclusion and exclusion criteria, 63 patients
(52 men and 11 women) were included in the study, the
average age of which was 57.3 (7.6) years. The average
duration of COPD was 15 (3.6) years.
Depending on the smoking status, patients were divided
into two groups: non-smoking patients — group I, smoking
patients were included in group II (table I).
Group I included 26 patients (19 men and 7 women),
whose average age was 55.8 (6.7) years. The severity of
shortness of breath in accordance with the mMRS scale
averaged 2 (1; 3) points, the frequency of exacerbations in
the previous year was 1 (1; 2).
Group II consisted of 37 smoking patients (33 men and
4 women). The average age is 58.3 (8.1) years. The average
severity score of dyspnea on the mMRS scale was 3 (2; 4)
points, the frequency of exacerbations over the past year
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Table III. Indicators of nutritional status in the examined patients with COPD.
Characteristics

Group I
(non-smokers)

Group II
(smokers)

р

Age, y M(SD)

55,8 (6,7)

58,3 ( 8,1)

0,1

Body mass , kg Me [25 %-75 %]

87,0 (82,0-88,0)

78,0(71,7-93,3)

0,7

BMI, Me [25 %-75 %]

26,3(25,0-30,0)

26,6(23,9-30,3)

0,9

Fat tissue, % Me [25 %-75 %]

25,05(24,6- 25,1)

35,1(31,1-37,5)

0,001

Muscle tissue , % Me [25 %-75 %]

39,9(34,5-44,9)

20,8 (16,8-29,7)

0,002

Visceral fat , % Me [25 %-75 %]

10,5 (8,0-12,0)

8,0 (5,5-11,0)

0,2

Waist circumference , sm M(SD)

95,5 (1,5)

91,5 (1,7)

0,3

Table IV. Laboratory characteristics of blood and urine of patients with COPD.
Characteristics

Group I
(non-smokers)

Group II
(smokers)

р

CRP , mg / l Me [25 %-75 %]

5,8 (2,6-11,6)

6,0 (2,4-10,8)

0,3

H, mmol / l Me [25 %-75 %]

4,6 (4,3-5,5)

4,6 (3,8-5,3)

0,4

LDL cholesterol, mmol / l Me [25 %-75 %]

2,9(2,3-3,6)

2,5(2,0-3,1)

0,045

VLDL , mmol / l Me [25 %-75 %]

0,5(0,4-0,7)

0,5(0,4-0,8)

0,6

HDL cholesterol, mmol / l Me [25 %-75 %]

1,1(1,0-1,3)

1,2(1,0-1,4)

0,3

ТG, mmol / l Me [25 %-75 %]

1,1 (0,9-1,5)

1,2 (0,9-1,7)

0,9

AC Me [25 %-75 %]

3,0 (2,2-4,2)

2,8 (2,0-3,3)

0,1

Blood creatinine level , μmol / l Me [25 %-75 %]

92,0 (79,8-96,5)

84,8 (76,2-90,3)

0,6

GFR , ml / min Me [25 %-75 %]

76,0(72,5-82,1)

79,0 (74,2-83,0)

0,6

Urine creatinine level, μmol / l Me [25 %-75 %]

1078,4 (551,6)

1047, 6 (495,7)

0,02

Fig. 1. The relationship between BMI and FEV1.
was 1 (1.3). The “pack / year” index was 29.8 (11.3). The
degree of nicotine addiction according to the Fagerstrom
test was 5.8 (1.8), which corresponded to the average level
of dependence.
When comparing patients of both groups, there was no
significant difference between the frequency of exacerbations by age, however, in smokers with COPD, the severity
of shortness of breath was significantly higher (table I).
Significant differences confirming the high severity of
bronchial obstruction in smokers with COPD were iden54

tified on the basis of spirometry data: for group I patients,
the FEV1 index was 51.0 (44.0 -62.0)%, in group II - 45.0
(34.0 -59.0)% (p = 0.04) (table II).
Based on the conducted correlation analysis in patients
of group II (smokers), an average negative correlation was
found between the MOC 25 and the pack / year index (R =
-0.5) (p <0.05).
Assessment of the nutritional status of patients was
carried out on the basis of anthropometry and bioimpedancemetry data. BMI in patients of both groups did not
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practically differ, despite a decrease in average body weight
in patients of group II (smokers). Significant differences
were found between the content of fat and muscle mass:
in patients in the group of smokers, the percentage of total
fat was significantly higher than in non-smokers. At the
same time, the percentage of muscle tissue in smokers was
significantly lower (table III).
Correlation analysis data indicate the presence of a positive correlation of moderate degree between the FEV1 and
BMI (R = 0.4) in group II (smokers), between the indicator
(FEV1%M) and the percentage of visceral fat (R = -0.7)
( p <0.05) revealed a strong negative correlation.
A moderate correlation was found between the number
of exacerbations and the content of muscle tissue in smokers with COPD (R = - 0.5) (p <0.05).
In the group of non-smokers, the level of LDL was 2.9
(2.3-3.6) mmol / L, in the group of smoking patients - 2.5
(2.0-3.1) mmol / L, (p = 0.045).
An average negative correlation between body weight
and TG level (R = -0.68) (p <0.05) was also obtained.
Thus, in the examined patients, urine creatinine level in
group I was 1078.4 (551.6) μmol / L, in group II - 1047.6
μmol / L (495.7) (p = 0.02).
Also, in all patients with COPD, a decrease in GFR below
90 ml / min was detected.
A strong negative correlation was found between urine
creatinine level and the pack / year index (R = - 0.6)
(p <0.05). A strong negative correlation between GFR and
the degree of patients’ compliance to smoking (R = - 0.7)
was also determined.

DISCUSSION

In the course of the study, it was found that with an increase
in the “pack / year” index in patients with COPD, the severity of bronchial obstruction increases, which confirms
the literature [2]. Also, when studying the nutritional status, it was found that in patients with COPD who smoke,
amid an increase in fat mass, a decrease in muscle mass
was observed and sarcopenic obesity syndrome developed
[15,16]. Our data confirm the literature data that in patients
with smokers, against the background of a general decrease
in body weight, primarily due to muscle mass, there is an
increase in the content of visceral fat, which contributes
to an increase in their degree of bronchial obstruction
[16,17]. In smokers In patients, a decrease in muscle mass
can contribute to an increase in the number of exacerbations of COPD, which is also reflected in the literature [6].
In patients with COPD there is a development of systemic
effects and, above all, damage to the cardiovascular system,
followed by the development of coronary artery disease,
arterial hypertension, which, of course, is associated with
changes in lipid metabolism, so the level of low density
lipoproteins in patients of both groups exceeded the optimal level. It is of interest to identify a lower LDL content
in smokers compared with non-smokers, which may be
explained by the development in patients with COPD of
systemic inflammation, more pronounced in smokers with

COPD. Thus, an increase in CRP was detected in patients
of both groups with a predominance of the indicator in the
group of smoking patients. It is known that the development of systemic inflammation reduces the pool of muscle
tissue. Probably, in this situation, muscle cells that need
protection need cholesterol, while they synthesize LDL
receptors, which, after synthesis, are transported to the
cell membrane. In the cell membrane, LDL receptors are
found in clathrin-containing caveoles. The LDL circulating
in the blood binds to these transmembrane receptors and is
endocytosed by the cell. After absorption, LDL is delivered
to endosomes, and then to lysosomes, where cholesterol
esters are hydrolyzed and cholesterol enters the cell [11, 16].
Visceral obesity is prognostically unfavorable in terms
of the development of renal pathology [18]. There is scientific evidence supporting a link between abdominal
obesity, microalbuminuria (MAU) and renal failure. The
metabolic pathway for the development of glomerulosclerosis involves the deposition of low-density lipoproteins
and apoliproteins B and E in the structures of the kidney.
The accumulation of lipids in the renal tissue, as with
atherosclerosis, induces sclerosis, which contributes to
the development of renal pathology. Also, in all patients
with COPD, a decrease in renal filtration function was
detected. The effect of smoking on the development of
metabolic disorders in the kidneys is evidenced by the obtained strong negative correlation between urine creatinine
level and pack / year index: with an increase in smoking
history, the percentage of muscle mass decreases, and, in
turn, the blood and urine creatinine level, as creatinine is
directly proportional to the amount of muscle tissue. A
strong negative correlation between GFR and the degree
of patients’ compliance to smoking was also determined.
Thus, in patients with COPD with nicotine dependence,
there is a deterioration in renal function [12,19,20].

CONCLUSIONS

1. Patients suffering from COPD have a violation of nutritional status. Smoking patients develop sarcopenic
obesity, which progresses with an increase in the degree
of nicotine addiction, correlates with the “pack / year”
index and is a predictor of increased mortality in this
category of patients.
2. Increased bronchial obstruction in smokers with COPD
is observed with an increase in smoking history, the
number of cigarettes smoked and with a decrease in
body weight.
3. Reducing the pool of muscle tissue can be considered
as an early predictor of more frequent exacerbations in
smoking patients with COPD.
4. The systemic effects of COPD include impaired renal
function, more pronounced in smokers with COPD.
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